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ABSTRACT OF THESIS 
 
 
DEVELOPING A TIME AND MOTION STUDY FOR A LEAN HEALTHCARE 
ENVIRONMENT 
 
This thesis outlines the development of a standard methodology for performing a 
time and motion study in a lean healthcare environment. Time and motion studies 
have been used in healthcare environments in the past, however they have nearly all 
been exclusive to a particular healthcare enterprise. To develop the time and motion 
study methodology, a study was designed to examine how resident doctors spend 
their time. This study was performed in response to coming changes in the work 
hours for all residents. Once the methodology was developed, trial observations 
were conducted. The data from these observations was analyzed to determine the 
effectiveness of both the time and motion study methodology and its usefulness for 
process improvement activities. 
KEYWORDS:   Lean Methodologies, Time and Motion Study, Healthcare, How 
Residents Spend Their Time, Process Improvement 
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1.0	  Introduction	  
1.1	  Statement	  of	  the	  Problem	  
	  The	  quality	  of	  available	  healthcare	  has	  been	  a	  pertinent	  issue	  to	  nearly	  every	  civilization	  and	  culture	  throughout	  history.	  Some	  enhancements	  to	  healthcare	  processes,	  such	  as	  Ignaz	  Semmelweis’s	  research	  in	  the	  mid	  1800’s	  that	  claimed	  that	  certain	  diseases	  were	  spread	  throughout	  hospitals	  due	  to	  physicians	  not	  washing	  their	  hands	  between	  seeing	  patients,	  have	  even	  been	  noted	  as	  significant	  events	  in	  human	  history	  (Saint	  et	  al,	  2010).	  Quality	  improvements	  to	  healthcare	  such	  as	  these	  can	  be	  directly	  correlated	  to	  lower	  mortality	  rates	  within	  healthcare	  enterprises,	  and	  this	  same	  concern	  is	  still	  evident	  today	  with	  deaths	  attributed	  to	  medical	  errors	  and	  estimates	  of	  millions	  of	  healthcare-­‐associated	  infections	  acquired	  in	  the	  U.S	  each	  year	  (Klevens	  et	  al,	  2007).	  	  Due	  to	  issues	  such	  as	  these,	  there	  has	  been	  a	  recent	  trend	  among	  healthcare	  enterprises	  to	  begin	  applying	  lean	  methodologies	  and	  system	  analysis	  tools	  to	  improve	  their	  operations.	  Lean	  methodologies	  have	  been	  implemented	  to	  varying	  degrees	  of	  success	  to	  a	  variety	  of	  industries	  different	  than	  traditional	  manufacturing	  environments,	  and	  some	  healthcare	  enterprises	  have	  claimed	  they	  have	  obtained	  widespread	  quality	  improvements,	  better	  patient	  safety,	  and	  millions	  of	  dollars	  in	  cost	  savings	  through	  their	  lean	  efforts	  (Kaplan,	  2008).	  	  
While	  implementing	  lean	  methodologies	  in	  healthcare	  environments	  is	  a	  somewhat	  recent	  trend,	  the	  union	  between	  healthcare	  and	  engineering	  is	  not.	  Engineers	  have	  historically	  had	  a	  presence	  in	  the	  healthcare	  industry,	  and	  some	  fields	  such	  as	  biomedical	  engineering,	  are	  very	  common	  in	  and	  are	  fundamentally	  a	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part	  of	  healthcare	  environments.	  With	  the	  challenges	  that	  healthcare	  institutions	  face	  becoming	  more	  and	  more	  complex,	  often	  times	  involving	  other	  fields	  such	  as	  finance	  and	  logistics,	  concepts	  and	  disciplines	  honed	  in	  engineering	  environments	  are	  being	  applied	  to	  healthcare	  problems.	  As	  many	  of	  the	  background	  principles	  of	  some	  issues	  in	  the	  healthcare	  industry	  are	  no	  different	  than	  the	  issues	  faced	  by	  engineers	  in	  other	  industries,	  the	  same	  solutions	  used	  in	  those	  other	  industries	  can	  be	  applied	  or	  further	  developed	  by	  engineers	  within	  healthcare	  environments	  (Reid	  et	  al,	  2005).	  While	  the	  basic	  principles	  of	  these	  solutions	  are	  certainly	  relevant,	  some	  issues	  found	  in	  any	  industry	  are	  still	  present	  as	  well	  as	  challenges	  specific	  to	  the	  healthcare	  industry.	  
For	  any	  implementation	  of	  lean	  methodologies,	  there	  exists	  a	  vital	  need	  to	  gather	  relevant	  and	  accurate	  information	  on	  the	  current	  state	  of	  an	  operation.	  This	  is	  a	  core	  concept	  of	  lean	  manufacturing	  that	  is	  the	  basis	  for	  many	  specific	  lean	  tools,	  and	  is	  known	  as	  “genchi	  genbutsu.”	  Genchi	  genbutsu	  entails	  gathering	  first	  hand	  information	  on	  situations	  by	  going	  and	  observing	  processes,	  rather	  than	  relying	  on	  perceived	  knowledge	  or	  information	  (Liker,	  2004).	  Currently,	  there	  does	  not	  exist	  a	  systematic	  approach	  for	  gathering	  facts	  and	  data	  for	  the	  use	  of	  process	  improvement	  in	  many	  healthcare	  enterprises.	  
1.2	  Background	  of	  the	  Problem	  
	  	  A	  common	  tool	  used	  by	  industrial	  engineers	  to	  gather	  detailed	  information	  on	  processes	  is	  time	  and	  motion	  studies.	  These	  studies,	  which	  typically	  entail	  a	  trained	  observer	  meticulously	  watching	  a	  process	  and	  recording	  data	  on	  their	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observations,	  were	  revolutionized	  in	  the	  early	  20th	  century	  by	  Frederick	  W.	  Taylor	  and	  the	  team	  of	  Frank	  and	  Lillian	  Gilbreth	  (Nadworny,	  1957).	  While	  the	  use	  of	  time	  and	  motion	  studies	  is	  fairly	  widespread	  in	  industrial	  settings,	  healthcare	  environments	  pose	  issues	  to	  the	  manner	  in	  which	  they	  are	  normally	  conducted.	  	  
One	  challenge	  that	  healthcare	  environments	  pose	  to	  conducting	  a	  time	  and	  motion	  study	  is	  the	  frequent	  interactions	  with	  patients	  that	  are	  inherent	  to	  almost	  all	  positions	  within	  the	  healthcare	  industry.	  Because	  many	  healthcare	  environments	  have	  very	  high	  cleanliness	  standards	  due	  to	  concerns	  over	  the	  spread	  of	  germs	  and	  overall	  patient	  safety,	  time	  and	  motion	  study	  observers	  would	  have	  to	  take	  special	  care	  of	  any	  equipment	  they	  use	  during	  their	  study.	  An	  example	  of	  this	  concern	  could	  be	  illustrated	  by	  an	  instance	  where	  an	  observer	  shadowing	  a	  nurse	  would	  have	  to	  disinfect	  any	  time	  recording	  equipment	  they	  use	  before	  they	  enter	  and	  after	  they	  exit	  a	  patient’s	  room.	  During	  this	  instance,	  the	  observer	  would	  not	  be	  able	  to	  keep	  accurate	  records	  of	  what	  the	  nurse	  was	  doing	  in	  the	  patient	  room	  while	  they	  were	  disinfecting	  equipment.	  Another	  hindrance	  that	  patient	  interaction	  poses	  to	  time	  and	  motion	  studies	  is	  concerns	  for	  patient	  confidentiality.	  According	  to	  the	  American	  Medical	  Association,	  any	  information	  relating	  to	  specific	  patients	  is	  federally	  mandated	  to	  be	  kept	  private	  (www.ama-­‐assn.org),	  so	  some	  methods	  of	  time	  and	  motion	  study,	  such	  as	  taking	  a	  video	  recording	  of	  a	  process,	  would	  not	  be	  able	  to	  be	  used.	  Depending	  on	  the	  subject	  of	  the	  time	  and	  motion	  study,	  special	  consideration	  may	  be	  needed	  to	  determine	  who	  would	  be	  an	  appropriate	  observer	  for	  a	  process.	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Perhaps	  the	  greatest	  issue	  with	  time	  and	  motion	  studies	  in	  the	  healthcare	  industry	  is	  that	  written	  standards	  do	  not	  usually	  exist	  for	  processes,	  and	  this	  is	  a	  key	  element	  to	  traditional	  time	  measurement	  (Mundel,	  1960).	  With	  this	  lack	  of	  process	  standards,	  time	  and	  motion	  measurement	  data	  only	  gives	  a	  small	  view	  of	  the	  current	  situation,	  and	  its	  reliability	  can	  be	  questioned	  as	  special	  occurrences	  may	  not	  be	  able	  to	  be	  accounted	  for.	  In	  the	  healthcare	  industry,	  a	  comprehensive	  and	  standardized	  method	  for	  accurately	  observing	  and	  documenting	  processes	  does	  not	  exist.	  
The	  concept	  of	  motion	  studies	  is	  inherently	  tied	  to	  time	  studies.	  In	  any	  time	  study,	  the	  observer	  must	  have	  some	  basis	  for	  the	  categories	  in	  which	  they	  record	  time	  data.	  Traditionally,	  activities	  are	  broken	  down	  into	  categories	  such	  as	  transportation,	  operation,	  inspection,	  delay,	  and	  storage.	  Divisions	  of	  categories	  such	  as	  these	  are	  the	  foundation	  for	  motion	  studies	  (Meyers	  et	  al,	  2002).	  Motion	  studies	  are	  typically	  characterized	  by	  very	  fine	  breakdowns	  of	  human	  motion	  in	  to	  the	  most	  basic	  movements.	  While	  such	  a	  minute	  breakdown	  of	  motions	  may	  not	  be	  relevant	  to	  most	  aspects	  of	  the	  healthcare	  industry,	  the	  overall	  methodology	  of	  defining	  groups	  of	  motions	  and	  recording	  them	  could	  be	  very	  useful	  to	  a	  lean	  environment	  (Karger	  et	  al,	  1987).	  	  
1.3	  Rationale	  of	  the	  Study	  
	  Time	  studies	  have	  been	  used	  in	  the	  healthcare	  industry,	  albeit	  in	  a	  somewhat	  different	  context	  than	  typically	  found	  in	  industrial	  applications.	  Throughout	  history,	  there	  has	  been	  a	  distinct	  interest	  in	  how	  various	  medical	  professionals	  spend	  their	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time,	  and	  measurements	  such	  as	  how	  long	  nurses	  spend	  at	  a	  patient’s	  bedside	  are	  extremely	  important	  when	  looking	  to	  improve	  a	  healthcare	  enterprise’s	  efficiency	  or	  layout	  (Hendrich	  et	  al,	  2008).	  	  Studies	  such	  as	  this	  have	  been	  utilized	  to	  varying	  extents	  in	  the	  healthcare	  industry.	  In	  most	  cases,	  these	  time	  studies	  have	  been	  very	  specific	  to	  the	  given	  application	  or	  institution	  and	  were	  purely	  academic	  in	  nature,	  as	  discussed	  in	  chapter	  2.0.	  Given	  the	  exclusivity	  of	  these	  studies,	  it	  is	  often	  difficult	  to	  transfer	  time	  study	  methodologies	  to	  different	  enterprises.	  As	  a	  result	  of	  this,	  it	  is	  difficult	  to	  make	  useful	  comparisons	  of	  time	  study	  data	  between	  different	  healthcare	  entities.	  
In	  many	  lean	  implementations,	  the	  concept	  of	  genchi	  genbutsu	  is	  passed	  over	  in	  favor	  for	  “lean	  tools”	  such	  as	  just	  in	  time	  conveyance	  systems,	  kanban	  systems,	  and	  “pull	  production”	  processes,	  which	  are	  generally	  associated	  with	  quick	  and	  highly	  visible	  results	  (Crute	  et	  al,	  2003).	  While	  these	  tools	  can	  lead	  to	  improvements	  if	  implemented	  correctly,	  it	  is	  very	  easy	  for	  people	  to	  become	  more	  focused	  on	  quick	  results	  rather	  than	  the	  processes	  and	  methodologies	  used	  to	  obtain	  the	  results.	  Creating	  a	  culture	  of	  going	  and	  seeing	  processes	  in	  order	  to	  determine	  process	  improvements	  breeds	  the	  methodical	  elimination	  of	  waste	  based	  on	  facts	  about	  the	  present	  state.	  Such	  a	  culture	  is	  essential	  to	  for	  an	  enterprise	  to	  implement	  lean	  methodologies	  (Emiliani,	  2006).	  
1.4	  Purpose	  of	  the	  Study	  
	  This	  study	  sought	  to	  establish	  an	  accurate	  method	  for	  observing	  and	  documenting	  processes	  in	  a	  lean	  healthcare	  environment.	  To	  develop	  this	  process,	  a	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time	  and	  motion	  study	  was	  designed	  to	  observe	  and	  document	  how	  resident	  doctor’s	  spend	  their	  time.	  This	  is	  a	  relevant	  topic	  to	  almost	  every	  healthcare	  institution,	  and	  was	  seen	  as	  a	  good	  opportunity	  to	  develop	  a	  standard	  for	  time	  and	  motion	  studies	  for	  the	  entire	  enterprise.	  Resident	  doctors	  are	  those	  whom	  have	  completed	  all	  necessary	  education	  requirements	  to	  become	  a	  medical	  doctor	  and	  are	  enrolled	  in	  residency	  programs	  where	  they	  work	  closely	  with	  experienced	  doctors.	  Residency	  programs	  are	  designed	  to	  give	  new	  doctors	  experience	  in	  applying	  their	  medical	  education	  in	  real	  world	  environments.	  A	  typical	  shift	  for	  a	  resident	  can	  range	  from	  12	  to	  24	  hours,	  and	  is	  often	  very	  hectic.	  As	  the	  hours	  and	  responsibilities	  of	  residents	  have	  grown	  over	  the	  years,	  national	  accreditation	  institutions	  have	  deemed	  it	  necessary	  to	  ensure	  that	  residents	  have	  as	  safe	  and	  educational	  working	  environment	  as	  possible	  (Krupa,	  2010).	  This	  protection	  has	  manifested	  as	  reduced	  working	  hours	  for	  first	  year	  residents,	  who	  typically	  are	  involved	  with	  a	  larger	  variety	  of	  daily	  activities.	  Effective	  July	  1st,	  2011,	  the	  workday	  for	  first	  year	  residents	  has	  been	  limited	  to	  16	  continuous	  hours	  and	  24	  hours	  for	  other	  residents.	  The	  previous	  standard	  was	  24	  hours	  with	  the	  option	  of	  extending	  6	  hours	  for	  special	  circumstances	  (acgme.org).	  	  
As	  the	  hours	  of	  residents	  are	  regulated,	  healthcare	  enterprises	  have	  an	  interest	  in	  how	  their	  time	  is	  spent	  during	  their	  working	  hours.	  Healthcare	  enterprises	  want	  to	  ensure	  they	  are	  maximizing	  the	  effectiveness	  of	  the	  resident’s	  education	  as	  well	  as	  their	  role	  within	  the	  enterprise.	  This	  time	  and	  motion	  study	  gathered	  data	  on	  how	  residents	  spend	  their	  time	  and	  was	  to	  be	  used	  as	  the	  basis	  for	  the	  judgment	  of	  what	  are	  value-­‐add	  and	  waste	  activities.	  This	  data	  would	  also	  be	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useful	  in	  determining	  the	  need	  for	  subsequent	  process	  improvement	  activities	  in	  the	  resident’s	  day.	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1.5 Definitions	  
	  
Attending	  Physician:	  Physician	  tasked	  with	  overseeing	  a	  Resident’s	  work,	  continuously	  interacts	  with	  and	  teaches	  Residents.	  
Genchi	  Genbutsu:	  Lean	  principle	  involving	  going	  and	  seeing	  how	  a	  process	  works	  in	  order	  to	  gather	  facts	  and	  data	  about	  the	  current	  situation.	  
Intern:	  Term	  given	  for	  first	  year	  residents.	  Usually	  involved	  with	  a	  wider	  range	  of	  daily	  activities	  and	  are	  often	  responsible	  for	  overnight	  shifts.	  
Morning	  Rounds:	  Activity	  where	  an	  attending	  physician	  meets	  with	  residents	  to	  discuss	  the	  patients	  in	  their	  service.	  During	  the	  activity,	  the	  team	  travels	  to	  each	  patient	  room,	  the	  resident	  discusses	  all	  happenings	  with	  that	  patient	  the	  previous	  day,	  and	  then	  the	  team	  goes	  in	  to	  the	  patient	  room	  where	  the	  attending	  physician	  converses	  with	  the	  patient	  about	  their	  care.	  The	  team	  then	  meets	  back	  outside	  the	  patient’s	  room	  and	  discusses	  future	  plans	  for	  the	  patient’s	  care.	  This	  process	  is	  repeated	  for	  every	  patient	  in	  the	  team’s	  service.	  The	  team	  involved	  with	  morning	  rounds	  varies	  greatly	  between	  different	  services,	  but	  typically	  contains	  one	  attending	  physician	  with	  three	  to	  four	  residents,	  one	  of	  which	  being	  an	  intern,	  and	  sometimes	  two	  to	  three	  medical	  or	  pharmacy	  students.	  
On	  Call:	  Term	  referring	  to	  a	  resident’s	  status	  during	  a	  shift.	  If	  a	  resident	  is	  on	  call,	  they	  are	  responsible	  for	  admitting	  patients	  to	  the	  hospital	  and	  are	  typically	  responsible	  for	  any	  medical	  issues	  that	  arise	  with	  patients	  over	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night.	  During	  an	  on	  call	  shift,	  residents	  are	  at	  the	  healthcare	  institution	  in	  excess	  of	  24	  hours.	  
Primary	  Care	  Clinic:	  Usually	  small	  outpatient	  clinics	  where	  patients	  come	  in	  with	  minor	  healthcare	  issues.	  
Resident:	  An	  individual	  who	  has	  completed	  medical	  school	  and	  is	  enrolled	  in	  a	  residency	  program.	  Programs	  typically	  last	  3	  to	  7	  years	  and	  involve	  working	  along	  side	  other	  residents	  and	  attending	  physicians	  to	  gain	  medical	  experience.	  Residents	  usually	  gain	  more	  responsibility	  in	  patient	  care	  as	  they	  gain	  more	  experience.	  
University	  Medical	  Center:	  Hospitals	  associated	  with	  educational	  institutions.	  Typically	  have	  large	  amounts	  of	  residency	  and	  other	  clinical	  related	  academic	  programs.	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2.0	  Review	  of	  the	  Literature	  
	  
In	  order	  to	  develop	  an	  effective	  methodology	  to	  observe	  and	  document	  processes	  within	  the	  lean	  healthcare	  environment,	  past	  examples	  of	  time	  studies	  within	  healthcare	  environments	  were	  examined.	  In	  order	  to	  ensure	  the	  thoroughness	  of	  the	  review,	  the	  articles	  were	  analyzed	  using	  the	  following	  criteria:	  
§ Subject(s)	  of	  the	  study	  
§ Location	  of	  the	  study	  
§ Duration	  of	  the	  study	  
§ Rationale	  of	  the	  study	  
§ Methodology	  of	  Time	  Study	  
§ Analysis	  Techniques	  
§ Findings	  
2.1	  Examples	  of	  Time	  Studies	  in	  Healthcare	  
	  
In	  Lurie	  et	  al	  (1989),	  the	  time	  spent	  by	  35	  residents	  during	  night	  shifts	  was	  analyzed.	  The	  classification	  of	  resident,	  namely	  if	  they	  were	  an	  Intern,	  was	  also	  considered.	  The	  study	  was	  performed	  across	  three	  different	  institutions	  within	  a	  close	  geographic	  region:	  a	  county	  medical	  center,	  a	  university	  hospital,	  and	  a	  veteran’s	  administration	  hospital.	  Observations	  were	  taken	  over	  10	  total	  nights.	  The	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study	  was	  conducted	  in	  response	  to	  recommendations	  to	  limit	  the	  working	  hours	  of	  residents.	  
The	  actual	  time	  study	  was	  performed	  by	  trained	  observers	  closely	  following	  residents	  and	  recording	  the	  duration	  of	  each	  individual	  activity.	  Each	  observer	  was	  extensively	  trained	  for	  the	  research,	  and	  was	  assigned	  to	  an	  individual	  resident.	  Using	  digital	  watches,	  the	  observers	  recorded	  one	  single	  activity	  that	  the	  resident	  was	  doing	  at	  any	  given	  time,	  with	  precedence	  given	  to	  activities	  most	  involving	  patient	  care.	  The	  various	  activities	  of	  the	  resident	  were	  pre-­‐defined	  and	  coded	  in	  the	  following	  categories:	  
§ Procedures	  
§ Patient	  Evaluation	  
§ Communication	  
§ Basic	  (Sleeping,	  eating,	  etc...)	  
§ Miscellaneous	  
It	  was	  not	  stated	  how	  these	  categories	  were	  created	  or	  defined.	  
Once	  the	  study	  was	  completed,	  the	  mean	  time	  for	  each	  activity	  was	  calculated	  along	  with	  the	  standard	  deviation	  of	  the	  various	  data.	  The	  data	  was	  then	  tabulated	  and	  compared	  across	  the	  three	  institutions	  and	  how	  residents	  spent	  their	  time	  versus	  jnterns.	  It	  was	  found	  that	  residents	  spent	  most	  of	  their	  time	  charting	  patient	  information,	  and	  the	  amount	  of	  interruptions	  in	  their	  workday	  was	  something	  of	  concern.	  It	  was	  the	  hope	  of	  the	  authors	  that	  the	  research	  would	  be	  considered	  when	  implementing	  reform	  in	  the	  Resident’s	  workday.	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In	  Pizziferri	  et	  al	  (2005),	  20	  physicians	  were	  observed	  during	  clinical	  sessions	  before	  and	  after	  an	  electronic	  health	  records	  system	  was	  implemented.	  The	  study	  was	  completed	  at	  two	  urban	  and	  three	  suburban	  care	  clinics	  all	  belonging	  to	  the	  same	  healthcare	  system.	  The	  clinics	  ranged	  from	  hospital	  bed	  based	  practices	  to	  community	  medical	  centers.	  Physicians	  were	  observed	  either	  a	  half	  or	  full	  day	  depending	  on	  their	  schedule,	  both	  before	  and	  after	  the	  new	  electronic	  health	  record	  system	  was	  implemented.	  This	  study	  was	  conducted	  in	  order	  to	  determine	  if	  the	  new	  electronic	  health	  record	  system	  had	  any	  effect	  on	  the	  Physician’s	  day.	  
The	  time	  study	  was	  conducted	  by	  trained	  observers	  who	  closely	  followed	  physicians.	  Each	  observer	  was	  trained	  by	  an	  experienced	  observer	  and	  conducted	  multiple	  practice	  observations.	  Training	  sessions	  ranged	  from	  four	  to	  eight	  hours	  in	  length.	  The	  observers	  used	  portable,	  touch	  screen	  computers	  to	  code	  the	  Physician’s	  activities	  into	  predetermined	  categories.	  The	  categories	  were	  initially	  taken	  from	  a	  previous	  time	  study,	  and	  pilot	  testing	  was	  conducted	  in	  order	  to	  further	  refine	  the	  categories.	  The	  computer	  system	  used	  for	  the	  observation	  automatically	  recorded	  the	  time	  for	  each	  event.	  The	  categories	  were	  broken	  down	  into	  the	  following	  major	  categories,	  with	  each	  one	  being	  further	  divided	  into	  sub-­‐categories:	  
§ Computer-­‐	  Read	  
§ Computer-­‐	  Looking	  For	  
§ Computer-­‐	  Writing	  
§ Procedures	  
§ Talking	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§ Paper-­‐	  Read	  
§ Paper-­‐	  Looking	  For	  
§ Paper-­‐	  Writing	  
§ Personal	  
§ Walking	  
§ Waiting	  
§ Phone	  
The	  data	  from	  the	  observations	  was	  used	  to	  determine	  the	  time	  spent	  per	  patient	  for	  clinic	  sessions	  before	  and	  after	  the	  implementation	  of	  the	  electronic	  health	  records	  system	  was	  implemented.	  Statistical	  analysis	  computer	  programs	  were	  used	  to	  estimate	  correlations	  in	  the	  data.	  The	  data	  was	  then	  tabulated	  and	  divided	  into	  various	  sections	  according	  to	  physician	  characteristics,	  such	  as	  years	  in	  practice	  and	  gender.	  It	  was	  found	  that	  the	  new	  electronic	  health	  records	  system	  had	  a	  significant	  impact	  on	  the	  time	  physician’s	  spent	  with	  patients.	  
In	  Chung	  et	  al,	  the	  time	  spent	  by	  nine	  residents	  during	  weekdays	  was	  examined	  over	  a	  two-­‐year	  period.	  The	  residents	  involved	  in	  the	  study	  were	  in	  a	  trauma	  program,	  seeing	  roughly	  33	  patients	  a	  day,	  and	  were	  working	  with	  five	  attending	  physicians.	  The	  study	  was	  performed	  in	  order	  to	  test	  the	  hypothesis	  that,	  “when	  work	  hours	  are	  limited,	  improving	  resident’s	  work	  efficiency	  allows	  more	  time	  for	  key	  training	  activities,	  reduces	  frustration,	  and	  improves	  work	  satisfaction.”	  This	  study	  was	  in	  response	  to	  limitations	  to	  resident	  work	  hours	  in	  July	  2003.	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The	  time	  study	  was	  conducted	  using	  personal	  journals	  for	  each	  resident.	  The	  residents	  were	  instructed	  to	  log	  daily	  activities	  to	  the	  nearest	  30	  minutes.	  The	  activities	  were	  categorized	  as	  followed:	  
§ Morning	  Rounds	  
§ Performing/Assisting	  Operations	  
§ Outpatient	  Clinics	  
§ Admitting/Discharging	  Patients	  
§ Direct	  Bedside	  Care	  
§ Attending	  Conferences	  
§ Evening	  Rounds	  
§ Attending	  Trauma	  Alerts	  
§ Miscellaneous	  
After	  the	  first	  year	  of	  data	  collection,	  the	  data	  was	  analyzed	  and	  arranged	  according	  to	  time	  spent	  by	  junior	  and	  senior	  residents.	  The	  mean	  number	  of	  hours	  for	  each	  activity	  was	  calculated	  and	  used	  to	  form	  a	  “Before	  Reorganization”	  table.	  After	  the	  next	  year,	  where	  resident’s	  working	  days	  were	  reorganized,	  the	  same	  process	  was	  used	  to	  calculate	  the	  mean	  number	  of	  hours	  for	  each	  activity.	  The	  primary	  difference	  in	  working	  hours	  was	  the	  reduction	  of	  junior	  resident’s	  working	  hours	  (15	  to	  12.6	  hours).	  Once	  the	  data	  was	  calculated,	  a	  computer-­‐based	  analysis	  of	  variance	  was	  performed	  in	  order	  to	  validate	  the	  data.	  Qualitative	  measurements,	  such	  as	  resident	  and	  patient	  satisfaction,	  were	  also	  taken	  before	  and	  after	  the	  reorganization	  took	  place.	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It	  was	  generally	  found	  that	  the	  time	  spent	  on	  key	  resident	  training	  activities	  increased	  after	  the	  reorganization	  took	  place.	  It	  was	  also	  notable	  that	  the	  miscellaneous	  category	  was	  nearly	  eliminated	  after	  the	  reorganization.	  It	  was	  found	  that	  resident	  satisfaction	  improved	  after	  the	  reorganization;	  patient	  satisfaction	  could	  not	  be	  adequately	  compared.	  
In	  Dresselhaus	  et	  al	  (1998),	  the	  time	  spent	  by	  36	  interns	  and	  24	  residents	  during	  weekday	  activities	  was	  studied.	  The	  research	  took	  place	  at	  a	  university-­‐affiliated	  Veterans	  Administration	  Medical	  Center.	  The	  study	  was	  conducted	  for	  five	  consecutive	  weekdays	  over	  a	  24-­‐week	  period.	  This	  study	  was	  conducted	  primarily	  to	  determine	  the	  value	  of	  residents	  work.	  The	  authors	  note	  that	  past	  studies	  on	  how	  residents	  spent	  their	  time	  only	  focused	  on	  the	  time	  allocation	  of	  activities	  and	  not	  their	  value.	  
The	  time	  study	  was	  conducted	  using	  a	  handheld	  computer-­‐assisted	  self-­‐interview	  survey.	  Each	  resident	  was	  given	  a	  survey	  computer	  that	  was	  programmed	  to	  ask	  residents	  what	  they	  were	  doing	  within	  75-­‐minute	  intervals	  for	  residents,	  and	  90	  minute	  intervals	  for	  interns.	  Pilot	  testing	  data	  deemed	  these	  frequencies	  acceptable.	  The	  activities	  coded	  during	  the	  study	  were	  as	  follows:	  
§ Direct	  Patient	  Care	  
o Initial	  History	  and	  Physical	  
o Other	  Examinations	  
o Perform/Observe	  Procedures	  
o Education	  and	  Counseling	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o Miscellaneous	  
§ Indirect	  Patient	  Care	  
o Discuss	  Patient	  Issues	  
o Documentation	  
o Order/Obtain	  Results	  of	  Tests	  
o Discharge	  Planning	  
o Reading	  Literature	  Regarding	  Patients	  
o Initiating	  Consultations	  
o Miscellaneous	  
§ Education	  
o Informal	  Communication	  With	  Physicians	  
o Attending	  Rounds	  
o Work	  Rounds	  
o Conferences	  And	  Lectures	  
o Supervised	  Direct	  Patient	  Care	  
o Informal	  Educational	  Activity	  
§ Personal	  
§ Transit	  
The	  authors	  noted	  that	  these	  categories	  were	  used	  based	  off	  expert	  opinions	  on	  how	  residents	  spend	  their	  time.	  
Once	  the	  data	  was	  collected,	  the	  proportion	  of	  time	  spent	  on	  each	  activity	  was	  calculated	  and	  tabulated,	  comparing	  the	  percentages	  between	  residents	  and	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interns.	  Basic	  statistical	  analysis	  tools	  were	  used	  to	  examine	  consistency	  among	  the	  results.	  As	  another	  measure	  of	  the	  quality	  of	  the	  data,	  paired	  observations	  were	  conducted	  where	  trained	  observers	  followed	  residents	  to	  compare	  survey	  responses.	  
It	  was	  found	  that	  residents	  spent	  most	  of	  their	  time	  doing	  low	  value	  activities.	  Compared	  to	  other	  residents,	  interns	  spent	  significantly	  less	  time	  doing	  educational	  activities.	  This	  data	  was	  used	  to	  identify	  the	  need	  to	  eliminate	  the	  delegation	  of	  non-­‐value	  add	  activities	  to	  residents	  in	  the	  healthcare	  enterprise’s	  program.	  
In	  Knickman	  et	  al	  (1992),	  the	  time	  of	  four	  residents	  and	  four	  interns	  were	  examined.	  Each	  resident	  was	  observed	  for	  an	  average	  of	  28	  hours.	  The	  study	  was	  conducted	  at	  two	  urban	  hospitals.	  Residents	  were	  observed	  over	  a	  four-­‐day	  cycle	  at	  one	  hospital,	  and	  a	  three-­‐day	  cycle	  at	  the	  other.	  The	  hours	  of	  the	  study	  were	  distributed	  across	  all	  hours	  of	  the	  day	  over	  these	  cycles.	  The	  study	  was	  performed	  in	  order	  to	  analyze	  what	  activities	  in	  a	  resident’s	  day	  non-­‐physicians	  could	  perform.	  The	  authors	  cited	  the	  potential	  for	  resident’s	  hours	  and	  general	  availability	  to	  be	  reduced,	  and	  this	  study	  would	  be	  used	  by	  the	  healthcare	  enterprise	  to	  determine	  if	  other	  healthcare	  professionals	  could	  perform	  certain	  activities	  instead	  of	  residents.	  This	  would	  theoretically	  leave	  more	  time	  for	  residents	  to	  pursue	  more	  educational	  activities.	  
The	  study	  was	  performed	  by	  pre	  medical	  students	  who	  coded	  resident	  activities	  according	  to	  the	  following	  categories:	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§ Education	  
§ Information	  Gathering	  
§ Personal	  
§ Testing	  
§ Consulting	  
§ Documenting	  
§ In	  Transit	  
§ Procedures	  
§ Interaction	  With	  Patients	  
§ Administration	  
Observers	  were	  trained	  for	  seven	  hours	  on	  the	  meanings	  of	  these	  categories,	  and	  trial	  runs	  were	  performed.	  The	  authors	  did	  not	  state	  how	  these	  categories	  were	  formulated.	  
Once	  the	  data	  was	  gathered,	  the	  percentage	  of	  time	  for	  each	  activity	  was	  found	  and	  used	  to	  develop	  two	  distinct	  models.	  The	  first	  model	  was	  labeled,	  “Traditional,”	  and	  represented	  the	  current	  state	  where	  physicians	  performed	  common	  administrative	  tasks.	  The	  second	  model	  was	  labeled,	  “Midlevel	  Practitioner,”	  and	  represented	  a	  relocation	  of	  the	  activities	  to	  estimate	  how	  residents	  would	  spend	  their	  time	  if	  another	  medical	  professional	  performed	  various	  tasks.	  It	  was	  found	  that	  the	  Midlevel	  Practitioner	  model	  was	  characterized	  by	  much	  less	  time	  doing	  “Testing”	  activities,	  and	  this	  would	  support	  the	  author’s	  hypothesis	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that	  the	  time	  spent	  doing	  menial	  tasks	  could	  be	  replaced	  by	  more	  educational	  activities.	  
In	  Morton	  et	  al	  (2004),	  the	  time	  spent	  by	  twelve	  surgical	  residents	  during	  call	  nights	  (7pm	  to	  7am)	  was	  observed.	  The	  group	  was	  comprised	  of	  residents	  of	  varying	  years	  of	  experience.	  The	  study	  was	  conducted	  in	  both	  a	  university	  hospital	  and	  an	  urban	  hospital.	  Three	  call	  nights	  were	  observed	  at	  each	  institution	  over	  a	  6-­‐month	  period,	  for	  a	  total	  of	  8,460	  observed	  minutes.	  This	  study	  was	  conducted	  in	  order	  to	  assess	  how	  surgical	  residents	  spend	  their	  time	  during	  nights	  so	  that	  their	  activities	  could	  be	  optimized	  for	  educational	  merit.	  The	  authors	  cite	  recent	  restrictions	  in	  resident’s	  working	  hours	  as	  the	  reason	  for	  performing	  the	  study,	  and	  note	  that	  this	  restriction	  could	  encourage	  more	  students	  to	  pursue	  careers	  in	  surgery	  as	  work	  fatigue	  has	  historically	  been	  a	  major	  concern	  in	  the	  field.	  	  
The	  study	  was	  performed	  by	  MD	  and	  PHD	  students	  who	  were	  trained	  on	  two	  separate	  occasions.	  The	  observers	  used	  digital	  stop	  watches	  and	  recorded	  data	  into	  palm	  pilots	  as	  measurements	  were	  taken.	  The	  resident	  activities	  that	  were	  observed	  were	  coded	  using	  the	  following	  categories:	  
§ Activities	  of	  Daily	  Life	  (Sleeping,	  eating,	  etc.)	  
§ Communications	  
§ Miscellaneous	  
§ Pages	  
§ Procedures	  
§ Patient	  Evaluation	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It	  was	  not	  stated	  how	  these	  categories	  were	  created	  or	  defined.	  
Once	  the	  study	  was	  completed,	  the	  total	  amount	  of	  time	  spent	  per	  activity	  was	  found	  and	  presented	  as	  percentages	  of	  total	  on	  call	  time.	  The	  time	  spent	  per	  activity	  was	  also	  compared	  between	  the	  academic	  and	  urban	  hospitals.	  Basic	  statistical	  analysis	  tools	  were	  used	  to	  ensure	  the	  statistical	  significance	  of	  the	  findings.	  
The	  study	  found	  that	  residents	  spent	  about	  a	  third	  of	  their	  nights	  sleeping	  or	  doing	  other	  personal	  activities,	  a	  fourth	  of	  their	  nights	  in	  patient	  contact	  activities,	  and	  a	  tenth	  of	  their	  nights	  doing	  procedures.	  The	  authors	  stated	  that	  the	  amount	  of	  time	  doing	  procedures	  was	  surprisingly	  low	  considering	  the	  study	  focused	  on	  surgical	  residents.	  The	  study	  also	  found	  that	  residents	  were	  frequently	  interrupted	  while	  doing	  their	  work.	  
In	  Melgar	  et	  al	  (2000),	  six	  attending	  physicians	  in	  a	  primary	  clinic	  were	  observed	  in	  order	  to	  describe	  their	  activities	  and	  determine	  how	  much	  interaction,	  through	  activities	  such	  as	  teaching	  and	  supervising,	  they	  had	  with	  residents	  in	  the	  clinic.	  The	  study	  was	  conducted	  in	  an	  urban	  primary	  care	  center.	  The	  physicians	  were	  observed	  for	  30	  half-­‐day	  sessions	  over	  a	  six	  month	  period.	  This	  study	  was	  conducted	  in	  order	  to	  gain	  insight	  on	  the	  educational	  experiences	  of	  residents,	  and	  previous	  time	  and	  motion	  studies	  were	  cited	  for	  comparisons	  of	  the	  data	  they	  found.	  The	  authors	  wanted	  to	  test	  the	  hypothesis	  that	  residents	  spend	  little	  time	  with	  attending	  physicians.	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The	  time	  study	  was	  performed	  by	  a	  trained	  observer	  with	  previous	  experience	  with	  time	  and	  motion	  studies.	  The	  observer	  used	  a	  digital	  stopwatch	  to	  collect	  time	  data.	  To	  develop	  the	  time	  study,	  trial	  observations	  were	  performed	  and	  staff	  were	  interviewed	  to	  determine	  which	  categories	  would	  be	  used	  to	  characterize	  the	  physician’s	  activities.	  The	  categories	  used	  to	  describe	  the	  physicians’	  activities	  were	  as	  follows:	  
§ Administration	  
§ Direct	  Patient	  Contact	  as	  the	  Primary	  Provider	  
§ Drug	  Representatives	  
§ Lab	  Results	  
§ Medical	  Records	  
§ Phone	  Calls	  or	  Messages	  
§ Prescription	  Refills	  
§ Triage	  
§ Direct	  Patient	  Contact	  as	  the	  Supervisor	  
§ Education	  
§ Resident	  Issues	  
§ Social	  Time	  
§ Supervision	  
§ Other	  Professional	  Activities	  
§ Personal	  Time	  
§ Miscellaneous	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The	  data	  from	  the	  observations	  was	  compiled	  in	  terms	  of	  both	  averages	  among	  all	  of	  the	  participating	  doctors	  and	  broken	  down	  to	  each	  doctor	  individually.	  It	  was	  found	  that	  the	  time	  spent	  for	  each	  activity	  varied	  significantly	  between	  each	  doctor,	  and	  that	  overall	  the	  attending	  physicians	  spent	  less	  than	  half	  of	  their	  time	  with	  residents.	  The	  authors	  found	  their	  findings	  to	  be	  consistent	  with	  the	  other	  time	  and	  motion	  studies	  that	  they	  cited,	  and	  also	  stated	  that	  their	  data	  would	  be	  used	  to	  analyze	  staffing	  ratios	  between	  attending	  physicians	  and	  residents	  at	  the	  clinic.	  
2.2	  Discussion	  
	   Of	  the	  literature	  reviewed,	  the	  majority	  of	  studies	  used	  the	  shadowing	  technique	  that	  involved	  observers	  following	  the	  subjects	  of	  the	  studies	  and	  recording	  what	  they	  were	  doing.	  While	  special	  considerations	  may	  need	  to	  be	  taken	  in	  order	  to	  have	  observers	  follow	  healthcare	  professionals,	  the	  designers	  of	  the	  study	  are	  ensured	  that	  all	  activities	  can	  be	  accounted	  for	  during	  the	  workday.	  In	  Dresselhaus	  et	  al	  (1998),	  a	  work	  sampling	  technique	  was	  used	  where	  residents	  recorded	  what	  activities	  they	  were	  doing	  at	  random	  intervals,	  and	  in	  Chung	  et	  al,	  residents	  recorded	  activities	  that	  they	  did	  during	  the	  previous	  day.	  In	  both	  of	  these	  cases,	  the	  study	  relies	  on	  the	  memories	  of	  individuals	  to	  provide	  accurate	  results.	  
	   Another	  trend	  that	  was	  observed	  from	  the	  reviewed	  literature	  is	  that	  many	  of	  the	  studies	  were	  conducted	  in	  response	  to	  a	  change	  within	  a	  healthcare	  enterprise.	  A	  few	  of	  the	  articles	  specifically	  mentioned	  changes	  in	  work	  hours	  for	  healthcare	  professionals	  as	  being	  the	  reason	  for	  the	  study,	  and	  others	  discussed	  changes	  in	  processes	  within	  their	  enterprises.	  Similarly,	  many	  of	  these	  studies	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mentioned	  the	  need	  to	  compare	  the	  results	  of	  their	  studies	  to	  other	  institutions	  within	  their	  enterprises.	  
	   Overall,	  each	  study	  had	  significantly	  different	  categories	  to	  describe	  the	  activities	  of	  the	  residents	  or	  physicians	  that	  were	  observed.	  Some	  studies	  had	  very	  detailed	  categories	  and	  definitions,	  while	  others	  had	  more	  generalized	  categories.	  With	  this	  variation	  in	  study	  methodologies,	  it	  would	  be	  extremely	  difficult	  to	  accurately	  repeat	  studies	  for	  the	  sake	  of	  comparison.	  
	   In	  all	  of	  the	  reviewed	  literature	  except	  for	  Melgar	  et	  al	  (2000),	  previous	  use	  of	  time	  and	  motion	  studies	  within	  an	  enterprise	  was	  not	  alluded	  to.	  This	  would	  suggest	  that	  the	  use	  of	  time	  and	  motion	  study	  methodologies	  was	  due	  to	  past	  studies	  in	  the	  field,	  rather	  than	  having	  an	  existing	  framework	  for	  first	  hand	  data	  collection	  within	  their	  enterprise.	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3.0	  Methodology	  
	  
	  The	  first	  step	  to	  create	  an	  effective	  methodology	  to	  observe	  and	  document	  processes	  within	  the	  lean	  healthcare	  environment	  was	  to	  create	  a	  set	  of	  standards	  for	  when	  a	  time	  and	  motion	  study	  would	  be	  used.	  In	  Karger	  et	  al,	  the	  following	  standards	  were	  found	  for	  conducting	  time	  studies	  within	  industrial	  environments:	  
1. Receiving	  the	  request	  for	  the	  study.	  
2. Obtaining	  the	  cooperation	  of	  the	  departmental	  foreman	  and	  the	  immediate	  
supervisor	  of	  the	  work	  to	  be	  studied.	  
3. Select	  the	  operator	  to	  be	  studied;	  usually	  he	  or	  she	  should	  be	  a	  fully	  trained	  
operator	  performing	  the	  work	  with	  average	  skill	  and	  effort—this	  latter	  is	  
more	  important	  in	  a	  time	  study.	  
4. Determine	  whether	  the	  work	  is	  ready	  for	  study,	  i.e.,	  are	  any	  changes	  desired	  
or	  needed	  before	  the	  work	  study	  is	  implemented.	  
5. Obtain	  and	  record	  all	  general	  information	  that	  will	  completely	  define	  the	  
work	  operation	  to	  be	  studied.	  
(Karger	  et	  al,	  1987)	  
	  
It	  was	  found	  that	  these	  standards	  could	  be	  slightly	  altered	  to	  better	  reflect	  the	  needs	  of	  the	  lean	  healthcare	  environment:	  
1. Receiving	  the	  request	  for	  the	  study.	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2. Obtaining	  the	  cooperation	  of	  the	  institution’s	  Internal	  Review	  Board	  and/or	  Area	  Manager	  of	  the	  work	  to	  be	  studied.	  3. Select	  the	  operator	  to	  be	  studied;	  usually	  he	  or	  she	  should	  be	  a	  fully	  trained	  operator	  performing	  the	  work	  with	  average	  skill	  and	  effort—this	  latter	  is	  more	  important	  in	  a	  time	  study.	  4. Select	  the	  appropriate	  observer	  for	  the	  study.	  5. Obtain	  and	  record	  all	  general	  information	  that	  will	  completely	  define	  the	  work	  operation	  to	  be	  studied.	  
Item	  “4”	  was	  omitted	  in	  order	  to	  reflect	  the	  necessity	  in	  lean	  environments	  to	  learn	  accurate	  information	  on	  the	  current	  state.	  
Once	  these	  standards	  were	  in	  place,	  they	  were	  used	  to	  progress	  the	  research.	  
1.	  Receiving	  the	  Request	  for	  The	  Study	  
In	  the	  case	  of	  this	  research,	  the	  request	  for	  the	  study	  came	  from	  an	  administrator	  within	  the	  institution.	  Due	  to	  proposed	  cutbacks	  in	  resident	  working	  hours	  by	  the	  Accreditation	  Council	  for	  Graduate	  Medical	  Education,	  it	  was	  decided	  that	  a	  time	  study	  was	  necessary	  in	  order	  to	  determine	  the	  waste	  in	  the	  work	  day	  of	  a	  resident	  (Igelhart,	  2010).	  It	  was	  decided	  from	  the	  onset	  of	  the	  study	  that	  the	  data	  that	  was	  collected	  would	  be	  used	  for	  process	  improvement	  purposes	  in	  a	  resident’s	  education	  and	  workday.	  
It	  was	  also	  determined	  that	  the	  scope	  of	  the	  study	  would	  only	  include	  what	  residents	  do	  during	  the	  mornings	  though	  the	  late	  evening	  (approximately	  7am	  to	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7pm).	  During	  the	  nights,	  residents	  typically	  wait	  around	  a	  lounge	  area	  until	  they	  are	  called	  to	  perform	  some	  activity,	  and	  since	  residents	  usually	  sleep	  in	  these	  lounges,	  it	  was	  decided	  that	  observers	  should	  be	  kept	  out	  of	  this	  area.	  Since	  the	  observers	  could	  not	  accurately	  record	  time	  data,	  a	  resident’s	  on	  call	  nights	  were	  deemed	  out	  of	  scope	  of	  the	  study.	  
2.	  Obtaining	  the	  Cooperation	  of	  the	  Institution’s	  Internal	  Review	  Board	  and/or	  	  
Area	  Manager	  of	  the	  Work	  to	  be	  Studied	  
For	  this	  research,	  the	  relevant	  area	  manager	  was	  the	  attending	  physician	  overseeing	  any	  particular	  resident	  group.	  Institution	  guidelines	  also	  mandated	  that	  the	  institution’s	  Internal	  Review	  Board	  approve	  any	  social	  study.	  A	  requirement	  for	  this	  process	  was	  that	  each	  observer	  was	  to	  undergo	  training	  to	  conduct	  ethical	  social	  experiments.	  
3.	  Select	  the	  Operator	  to	  be	  Studied	  
The	  operators	  selected	  for	  this	  studied	  were	  internal	  medicine	  residents.	  These	  residents	  were	  determined	  to	  be	  readily	  available	  to	  study	  and	  the	  leaders	  of	  the	  study	  could	  easily	  communicate	  the	  purposes	  of	  the	  observations	  to	  them.	  
4.	  Select	  the	  Appropriate	  Observer	  for	  the	  Study	  
The	  observers	  selected	  for	  this	  study	  were	  medical	  students	  performing	  summer	  fellowships	  within	  the	  institution.	  Medical	  students	  were	  chosen	  as	  their	  familiarity	  with	  medical	  practices	  would	  make	  them	  adept	  at	  identifying	  activities	  that	  residents	  would	  perform.	  This	  was	  also	  a	  chance	  for	  medical	  students	  to	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enhance	  their	  own	  education	  by	  getting	  first	  hand	  knowledge	  of	  residency	  programs	  that	  they	  themselves	  would	  be	  a	  part	  of	  in	  the	  future.	  Most	  medical	  students	  also	  have	  some	  experience	  with	  entering	  patient	  rooms,	  so	  there	  would	  be	  no	  worries	  with	  their	  ability	  to	  observe	  residents	  during	  patient	  care	  activities.	  
5.	  Obtain	  and	  Record	  All	  General	  Information	  That	  Will	  Completely	  Define	  the	  Work	  Operation	  to	  be	  Studied	  
To	  progress	  this	  step,	  a	  series	  of	  trial	  observations	  were	  conducted	  in	  order	  to	  develop	  the	  time	  study	  tool	  used	  for	  the	  project,	  similar	  to	  the	  process	  outlined	  in	  Melgar	  et	  al.	  A	  lone	  observer	  initially	  conducted	  the	  observations,	  but	  once	  the	  methods	  became	  more	  refined,	  another	  healthcare	  professional	  with	  a	  medical	  background	  was	  consulted	  in	  order	  to	  verify	  results.	  
	   First,	  a	  sample	  time	  sheet	  was	  made	  in	  order	  to	  identify	  the	  various	  activities	  of	  residents:	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Figure	  3-­‐1:	  Original	  Time	  Measurement	  Sheet
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The	  categories	  for	  this	  sheet	  were	  determined	  by	  a	  summation	  of	  opinions	  gathered	  during	  interviews	  within	  the	  institution	  on	  how	  residents	  spend	  their	  time,	  as	  well	  as	  some	  of	  the	  categories	  used	  in	  the	  reviewed	  literature.	  The	  “Value-­‐Add,”	  “Non-­‐Value	  Add,	  Necessary,”	  and	  “Waste”	  designations	  were	  simple	  conjectures	  of	  the	  value	  of	  each	  activity.	  Once	  the	  sheet	  was	  finalized,	  multiple	  sample	  observations	  were	  conducted	  in	  order	  to	  assess	  the	  usefulness	  of	  the	  sheet	  as	  a	  data	  collection	  tool.	  
	   For	  the	  initial	  trial	  observations,	  a	  simple	  electronic	  “start”	  and	  “stop”	  timer	  was	  used	  to	  record	  time	  values	  for	  each	  activity.	  During	  these	  observations,	  it	  was	  found	  that	  this	  timing	  method	  was	  difficult	  to	  use	  as	  the	  residents	  were	  frequently	  moving	  from	  activity	  to	  activity.	  For	  the	  observer,	  it	  was	  cumbersome	  to	  keep	  stopping	  and	  starting	  the	  timer	  and	  then	  having	  to	  record	  various	  times	  in	  rapid	  succession.	  During	  instances	  where	  the	  resident	  traveled	  long	  distances,	  the	  observer	  lost	  some	  time	  data	  as	  the	  timer	  had	  to	  be	  stowed	  away	  in	  order	  to	  travel.	  Based	  on	  these	  issues,	  the	  “Stopwatches”	  app	  (©	  SpinThought	  Inc.)	  for	  the	  Apple	  iPad	  was	  used	  for	  subsequent	  observations:	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Figure	  3-­‐2:	  Stopwatches©	  Interface	  
With	  the	  ability	  to	  display	  multiple,	  labeled	  stopwatches	  on	  the	  same	  screen,	  it	  was	  found	  that	  the	  observer	  was	  able	  to	  easily	  keep	  track	  of	  multiple	  activities	  in	  quick	  succession.	  Another	  advantage	  of	  the	  app	  was	  that	  it	  was	  silent,	  so	  neither	  patients	  nor	  the	  resident	  being	  studied	  would	  be	  bothered	  by	  any	  noises	  that	  some	  timing	  devices	  produce.	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   Once	  the	  new	  timing	  method	  was	  implemented,	  the	  time	  measurement	  sheet	  was	  further	  refined	  in	  order	  to	  better	  reflect	  the	  findings	  from	  the	  previous	  observations	  as	  well	  as	  further	  findings	  from	  the	  formal	  literature	  reviews	  This	  was	  an	  iterative	  process	  with	  many	  changes	  to	  the	  time	  measurement	  sheet	  and	  the	  Stopwatches©	  interface.
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Figure	  3-­‐3:	  Early	  Revision	  of	  Time	  Measurement	  Sheet
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The	  first	  revision	  of	  the	  time	  measurement	  sheet	  was	  greatly	  influenced	  by	  the	  methods	  used	  in	  Dresslhaus	  et	  al	  (1998),	  and	  was	  organized	  according	  to	  findings	  of	  the	  trial	  observations.	  The	  sheet	  was	  further	  refined	  with	  relatively	  minor	  changes	  until	  a	  final	  sheet	  was	  found	  to	  be	  successful	  in	  recording	  the	  times	  of	  resident’s	  activities.
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Figure	  3-­‐4:	  Further	  Revised	  Time	  Measurement	  Sheet
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For	  this	  sheet,	  the	  categories	  were	  further	  refined	  in	  order	  to	  reflect	  resident’s	  activities	  specific	  to	  the	  institution.	  Of	  note	  in	  the	  finalized	  sheet	  is	  the	  expansion	  of	  the	  “Written	  Documentation,”	  “Record	  Review,”	  “Patient	  Care	  Computer	  Use,”	  “Resident	  Discussion:	  Patient	  Management,”	  and	  “Walking”	  categories.	  Through	  trial	  observations,	  it	  was	  found	  that	  residents	  more	  frequently	  used	  these	  categories	  than	  the	  other	  categories.	  Also	  of	  note	  is	  the	  color	  scheme	  used	  for	  the	  activities,	  which	  correspond	  to	  the	  colors	  of	  the	  stopwatches	  on	  the	  Stopwatches©	  app.	  
Once	  the	  categories	  became	  finalized,	  strict	  definitions	  and	  timing	  instructions	  were	  created	  to	  ease	  communication	  of	  the	  methods	  to	  other	  observers:	  
General Guidelines 
 
-If it is not immediately clear what activity the resident is doing, begin “other” 
timer and record data in appropriate category once category of activity is 
determined. 
-At any time, time data shall be recorded for only one activity. If 
simultaneous activities are occurring, the guidelines in the following 
section are to be followed. If a conflict occurs, the activity most related to 
patient care is to be recorded. 
-Data is to be recorded on the time measurement sheet immediately after timing 
has begun on the next activity 
-Notes should be recorded for abnormal situations or any time a value is 
recorded under “other.”  
-For comments or notes on a recorded value, assign a numerical value to the 
data and make a corresponding note on a separate page. 
-For personal breaks/sleeping, observers are to wait outside the respective 
personal area. 
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Definitions and Guidelines 
 
Direct Patient Care 
 
History: New/Existing Patient 
 Activity where resident asks questions about a new/existing patientʼs 
medical history. 
  Note: process may include small iterations of other activities such 
as reading charts or written documentation, however, these other 
activities will not be individually timed as long as resident is 
performing the history. 
 Timing begins when the resident enters the patientʼs room and ends when 
resident moves on to the next activity. 
 
Physical Exam: New/Existing Patient 
 Any instance where a resident touches a new/existing patient not for the 
purposes of a procedure. 
 Timing begins when resident touches a patient and ends when they move 
on to the next activity. 
  
Procedures 
All instances where resident performs a procedure on a patient 
Note: stopwatch labeled “Other Patient Contact” used to time 
activity. 
Timing begins when resident begins procedure and ends when they move 
on to the next activity. 
 
Other 
Any instance relating to direct patient care not adequately described by 
above categories 
Note: must have a note or comment describing the activity. 
Timing begins when resident begins the activity and ends when resident 
moves on to the next activity. 
 
Indirect Patient Care 
 
Written Documentation 
Any instance where a resident is writing something on paper. 
Timing begins when resident begins writing and ends when they begin the 
next activity. 
 
Patient Contact Prep 
Activity in which resident gathers protective equipment, such as gowns, 
gloves or masks, in order to enter a patientʼs room. 
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Activity begins when resident starts preparing and ends when resident 
enters the patient's room. 
 
Record Review 
Any activity where resident reads paper documents (typically charts or 
notes) concerning patient information 
Activity begins when resident begins referring to the paper document and 
ends when they move on to the next activity. 
 
 
Discharge Dictation 
 Activity where resident dictates the information necessary to discharge a 
patient using a phone. 
 Note: activity typically includes forms of written documentation, and 
record review; however these activities will not be individually timed 
as long as they were done within the discharge dictation process.  
 Timing begins when resident picks up the phone and ends when the 
resident hangs up the phone. 
 
Patient Care Computer Use 
 Any activity where resident uses the computer for activities pertaining to 
patient care 
 Timing begins when resident sits down at a computer station and ends 
when the resident moves on to the next activity. 
 
Other  
 Any instance relating to indirect patient care not adequately described by 
above categories. 
 Note: must have a note or comment describing the activity. 
 Timing begins when resident begins the task and ends when resident 
moves on to another activity. 
 
 
Communication 
 
Phone/Pager 
 Any instance where a resident uses a phone for verbal communication. 
Also includes any instances where a resident reads a pager.  
 Note: activity not recorded when clearly a part of another category, 
as stated in this document. Activity takes precedence over any other 
activity occurring simultaneously. 
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 Timing begins when resident picks up a phone or pager and ends when 
resident hangs up the phone. 
 
Handoff/Report 
 Activity where resident gives information about patients to another resident 
or attending physician before leaving service. 
 Note: stop watch labeled “Other Communication” is used to time 
activity. 
 Timing begins when conversation starts and ends when conversation is 
over. 
 
Physician Discussion: Patient Management 
 Any verbal communication with Physicians (typically an attending 
physician in a residentʼs group) concerning patient care. 
 Note: Takes precedence over other activities occurring 
simultaneously. 
 Timing begins when conversation starts and ends when conversation is 
over. 
 
Resident Discussion: Patient Management 
 Any verbal communication with other residents concerning patient care. 
 Note: Takes precedence over other activities occurring 
simultaneously. 
 Timing begins when conversation starts and ends when conversation is 
over. 
 
Other Healthcare Professional Interaction 
 Any verbal communication with healthcare professionals other than 
residents or physicians (ex. Nurses, Social Workers, Physical Therapists, 
etc.…) relating to patient care. 
 Note: Takes precedence over other activities occurring 
simultaneously. 
 Timing begins when conversation begins and ends when conversation is 
over. 
 
Discussion With Patient/Family 
 Any verbal communication with patients and or family members 
 Note: Any direct patient contact activity takes priority over this 
category 
 Timing begins when conversation begins and ends when conversation is 
over. 
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Other 
 Any other form of verbal communication not adequately described by 
above categories. 
 Timing begins when conversation starts and ends when conversation is 
over. 
Other 
 
Waiting 
 Any instance where resident cannot perform desired activity due to 
another person or a piece of equipment not being ready.  
 Timing begins once it is clear that a resident is waiting and ends once the 
resident either begins another activity or the desired activity. 
 
Searching 
 Any instance where a resident must look for a piece of equipment, chart, 
or another person in order complete the desired activity.  
 Timing begins once it is clear the resident must find something or 
someone and ends once the desired activity is resumed. 
 
Walking 
 Any instance where resident must walk from one activity in order to begin 
another.  
 Note: only times where resident must walk from one distinct area to 
another is considered.  
 Timing begins once resident leaves location and ends once resident 
arrives at destination. 
  
Other 
 Any instance where an activity is not adequately described by a category 
on the measurement sheet.  
 Note: observer must provide a detailed description of the activity.  
 Timing begins once the activity starts and ends once the activity ends. 
 
Education 
 
Case Discussion With Team 
 Activity during morning rounds where resident takes part in discussion of 
each individual patient their team is assigned to. Discussion usually takes 
place between attending physicians, other residents, and 
medical/pharmacy students. 
 Timing begins once the discussion begins and ends once the resident 
moves on to the next activity. 
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Classroom 
 Any formal educational activities that take place in a traditional classroom 
setting (ex. Noon conference) 
 Timing begins once the event starts and ends once the event is 
concluded. 
 
Attending Teaching 
 Usually one on one discussions between attending physicians and 
residents where residents learn about medical or hospital related 
information.  
 Note: Takes precedence over other activities occurring 
simultaneously. 
 Timing begins once the conversation starts and ends once the resident 
moves on to the next activity. 
  
Resident Teaching 
 Instances where residents teach one another medical or hospital related 
information. 
 Note: Takes precedence over other activities occurring 
simultaneously. 
 Timing begins once the conversation starts and ends once the resident 
moves on to the next activity. 
  
Reading 
 Any instance where a resident references written or electronic information 
for his or her own education. 
 Timing begins once the resident starts reading information and ends when 
they start another activity. 
 
 
Misc. 
 
 
Personal 
 Any instance where resident takes a break for personal activities, such as 
texting, going to the rest room, or eating. 
 Timing begins once resident begins activity or enters personal area and 
ends once resident starts another activity. 
 
Walking 
 Any instance where resident must walk from an activity in order to begin a 
personal activity. 
 Note: only times where resident must walk from one distinct area to 
another is considered.  
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 Timing begins once resident leaves location and ends once resident 
arrives at destination. 	  
	  
To	  coincide	  with	  this	  list	  of	  definitions,	  standardized	  training	  steps	  were	  created	  to	  facilitate	  training	  and	  so	  that	  the	  time	  and	  motion	  study	  methodology	  could	  be	  easily	  transferred	  to	  other	  areas	  or	  institutions:	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Figure	  3-­‐5:	  Time	  Measurement	  Standard	  Work	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Figure	  3-­‐5	  (Continued):	  Time	  Measurement	  Standard	  Work	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Figure	  3-­‐5	  (Continued):	  Time	  Measurement	  Standard	  Work	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Figure	  3-­‐5	  (Continued):	  Time	  Measurement	  Standard	  Work
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4.0	  Results	  and	  Conclusions	  
	  Once	  the	  methodology	  was	  developed,	  a	  series	  of	  trial	  observations	  were	  conducted	  in	  order	  to	  determine	  the	  validity	  of	  the	  measurement	  tool	  and	  observation	  sheet.	  The	  first	  purpose	  of	  the	  trial	  observations	  was	  to	  examine	  how	  the	  information	  gathered	  during	  this	  study	  could	  be	  analyzed.	  To	  serve	  this	  purpose,	  the	  measurement	  sheet	  was	  unchanged	  between	  observations	  during	  the	  trial	  observation	  period.	  During	  previous	  observations,	  the	  measurement	  sheet	  was	  frequently	  changed	  in	  order	  to	  refine	  the	  categories	  to	  better	  capture	  the	  activities	  that	  the	  residents	  were	  performing.	  The	  second	  purpose	  for	  this	  round	  of	  trial	  observations	  was	  to	  ensure	  that	  the	  categories	  on	  the	  time	  measurement	  sheet	  and	  their	  definitions	  adequately	  described	  a	  resident’s	  workday.	  
Over	  a	  two-­‐week	  period,	  nine	  trial	  observations	  were	  conducted	  and	  over	  27	  hours	  of	  time	  measurement	  data	  was	  collected.	  For	  these	  observations,	  four	  different	  residents	  from	  four	  different	  internal	  medicine	  teams	  were	  shadowed	  at	  different	  times	  of	  the	  day.	  Typically,	  each	  resident	  was	  followed	  at	  least	  once	  during	  their	  team’s	  morning	  rounds	  and	  once	  more	  either	  before	  rounding	  began	  or	  in	  the	  afternoon/early	  evening.	  While	  the	  definitions	  on	  the	  sheet	  were	  not	  changed	  from	  observation	  to	  observation,	  it	  was	  still	  of	  interest	  to	  continually	  verify	  that	  the	  measurement	  sheet	  could	  accurately	  account	  for	  resident’s	  activities	  throughout	  the	  workday.	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4.1	  Determining	  the	  Validity	  of	  the	  Measurement	  Tool	  
	  One	  of	  the	  key	  metrics	  for	  determining	  the	  validity	  of	  the	  time	  measurement	  process	  was	  the	  amount	  of	  time	  data	  that	  was	  collected	  compared	  to	  the	  total	  time	  period	  of	  the	  observation.	  As	  trial	  observations	  were	  conducted	  at	  different	  times	  of	  the	  day,	  the	  “percentage	  of	  time	  captured”	  was	  looked	  at	  to	  better	  compare	  the	  metric	  between	  observations.	  “Percentage	  of	  time	  captured”	  was	  defined	  as:	  
! 
Total Amount of Time Data Collected (seconds)
Total Amount of Time During Observation Period (seconds) "100 	  
For	  the	  nine	  trial	  observations,	  the	  percentages	  of	  time	  captured	  were	  found	  as	  follows:	  
Table	  4-­‐1:	  Percentage	  of	  Time	  Captured	  
Observation 
No. 
Total Time 
 Data 
Collected 
(Seconds) 
Total Observation 
Time 
(Seconds) 
Difference 
(Seconds) 
Percentage 
of 
 Time 
Captured 
1 9937 10380 443 95.7% 
2 10726 10920 194 98.2% 
3 14766 14940 174 98.8% 
4 7560 7740 180 97.7% 
5 10073 10260 187 98.2% 
6 12609 12720 111 99.1% 
7 11174 11520 346 97.0% 
8 5546 5760 214 96.3% 
9 6032 6360 328 94.8% 
Average Percentage of Time Captured: 97.3% 
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From	  Table	  4-­‐1,	  it	  is	  clear	  that	  each	  trial	  had	  a	  fairly	  high	  percentage	  of	  time	  captured.	  While	  there	  is	  a	  distinct	  difference	  between	  the	  recorded	  time	  and	  actual	  time	  of	  the	  observation	  period,	  this	  is	  to	  be	  expected	  from	  the	  time	  measurement	  technique.	  Due	  to	  the	  reaction	  time	  of	  the	  observer,	  the	  time	  it	  takes	  to	  physically	  stop	  one	  stopwatch	  on	  the	  measurement	  tool’s	  interface	  and	  start	  another	  will	  not	  be	  reflected	  in	  the	  time	  captured.	  In	  some	  cases,	  some	  time	  may	  be	  lost	  as	  the	  observer	  determines	  which	  activity	  the	  resident	  is	  doing	  and	  thus	  which	  stopwatch	  to	  begin.	  	  
	   While	  the	  time	  it	  takes	  to	  begin	  a	  stopwatch	  on	  the	  measurement	  tool	  interface	  between	  distinct	  activities	  may	  serve	  as	  a	  limitation	  to	  the	  methodology	  of	  the	  study,	  the	  data	  shown	  in	  Table	  4-­‐1	  suggests	  that	  it	  is	  of	  little	  significance.	  The	  average	  of	  the	  percentage	  of	  time	  captured	  metric	  was	  found	  to	  be	  97.3%,	  so	  overall	  the	  vast	  majority	  of	  activities	  were	  accounted	  for	  by	  the	  collected	  data.	  Based	  off	  of	  these	  calculations,	  it	  was	  determined	  that	  the	  timing	  method	  used	  in	  the	  study	  was	  an	  accurate	  way	  to	  measure	  time	  data.	  
	   Another	  important	  metric	  used	  to	  determine	  the	  validity	  of	  the	  time	  measurement	  methodology	  was	  how	  repeatable	  the	  process	  was.	  In	  order	  to	  develop	  a	  framework	  for	  the	  study,	  a	  significant	  amount	  of	  time	  was	  spent	  in	  order	  to	  clearly	  define	  the	  definitions	  of	  the	  categories	  and	  making	  sure	  the	  time	  measurement	  process	  was	  simple	  and	  able	  to	  be	  used	  by	  any	  trained	  observer.	  To	  examine	  the	  repeatability	  of	  the	  time	  and	  motion	  study	  methodologies	  used	  in	  the	  study,	  a	  trial	  observation	  was	  conducted	  where	  two	  observers	  shadowed	  the	  same	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resident.	  Both	  observers	  were	  instructed	  not	  to	  discuss	  which	  activity	  they	  were	  timing	  or	  any	  other	  information	  relating	  to	  the	  time	  measurement	  process	  with	  one	  another.	  For	  this	  observation,	  Observer	  A	  was	  more	  experienced	  in	  the	  methodologies	  and	  categories	  used	  in	  the	  study.	  Observer	  B	  was	  familiar	  the	  process	  and	  had	  conducted	  some	  trial	  observations	  in	  the	  past,	  however	  they	  had	  much	  less	  experience	  performing	  observations.	  The	  data	  from	  these	  observation	  was	  tabulated	  and	  compared	  in	  the	  following	  sample	  report	  out	  structure:	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Figure	  4-­‐1:	  Observer	  A	  Sample	  Analysis	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   Figure	  4-­‐2:	  Observer	  B	  Sample	  Analysis	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  From	  the	  sample	  analysis,	  it	  is	  clear	  that	  the	  time	  and	  motion	  study	  methodology	  is	  someone	  repeatable.	  Both	  observers	  had	  a	  very	  high	  percent	  of	  time	  captured	  value,	  and	  the	  amount	  of	  time	  spent	  for	  each	  category	  was	  fairly	  close.	  In	  both	  cases,	  the	  percentages	  of	  time	  spent	  for	  indirect	  patient	  care	  and	  education	  were	  nearly	  identical,	  however	  there	  were	  some	  minor	  discrepancies	  between	  the	  communication,	  other,	  and	  miscellaneous	  categories.	  Discussion	  immediately	  after	  the	  trial	  observation	  suggested	  that	  the	  major	  reason	  for	  these	  differences	  was	  a	  misunderstanding	  of	  what	  all	  the	  “personal”	  category	  consisted	  of.	  Though	  some	  discrepancies	  existed,	  the	  fact	  that	  they	  were	  minor	  and	  a	  significant	  contributing	  factor	  was	  a	  misunderstanding	  of	  a	  category	  suggests	  that	  more	  experience	  performing	  observations	  could	  eliminate	  a	  good	  deal	  of	  the	  difference	  between	  observer.	  While	  human	  errors	  such	  as	  reaction	  time	  to	  starting	  and	  stopping	  a	  stopwatch	  or	  determining	  which	  category	  to	  begin	  timing	  will	  be	  inherent	  to	  the	  system,	  the	  collected	  data	  from	  the	  simultaneous	  observation	  suggests	  that	  the	  develop	  time	  and	  motion	  study	  methodology	  has	  some	  element	  of	  repeatability.	  
	  
4.2	  Sample	  Analysis	  of	  Data	  
	  In	  order	  to	  evaluate	  the	  time	  and	  motion	  study	  methodology	  as	  a	  tool	  for	  process	  improvement	  within	  a	  lean	  enterprise,	  the	  data	  from	  observation	  was	  tabulated	  and	  presented	  graphically:	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Figure	  4-­‐3:	  Trial	  Observation	  #1	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Figure	  4-­‐4:	  Trial	  Observation	  #2	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Figure	  4-­‐5:	  Trial	  Observation	  #3	  
	   56	  
	  
Figure	  4-­‐6:	  Trial	  Observation	  #4	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Figure	  4-­‐7:	  Trial	  Observation	  #5	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Figure	  4-­‐8:	  Trial	  Observation	  #6	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Figure	  4-­‐9:	  Trial	  Observation	  #8	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Figure	  4-­‐10:	  Trial	  Observation	  #9	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For	  the	  analysis	  of	  this	  data,	  the	  resident’s	  day	  was	  divided	  into	  three	  separate	  periods	  for	  ease	  of	  comparison.	  
Table	  4-­‐2:	  Observation	  Summary	  
	  
	  
4.3	  How	  Residents	  Spend	  Their	  Time:	  Pre-­‐Rounding	  
	   The	  pre-­‐rounding	  period	  was	  defined	  as	  all	  time	  prior	  to	  morning	  rounds.	  This	  period	  began	  around	  7:00am	  when	  most	  resident’s	  began	  their	  shift	  and	  lasted	  until	  9:00am	  or	  10:00am	  depending	  on	  when	  the	  medical	  team	  began	  their	  morning	  rounds.	  For	  residents	  on	  call	  during	  the	  previous	  night,	  this	  period	  could	  begin	  as	  early	  as	  6:00am.	  During	  this	  time	  period,	  the	  resident	  gathers	  whatever	  information	  they	  need	  for	  morning	  rounds.	  Typically,	  this	  process	  entails:	  reading	  patient	  charts	  or	  electronic	  records,	  checking	  up	  on	  the	  patient	  either	  by	  performing	  a	  physical	  exam	  or	  conversing	  with	  them,	  and	  then	  recording	  their	  findings	  and	  observations	  in	  their	  own	  notes.	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Table	  4-­‐3:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #4	  
	  
	  
	  
	  
	  
Table	  4-­‐4:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #5	  
	  
	  
	  
	  
	  
Table	  4-­‐5:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #9	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Table	  4-­‐6:	  Average	  Time	  Spent	  Per	  Pre-­‐Rounding	  Activities	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Table	  4-­‐7:	  Standard	  Deviation	  of	  Recorded	  Values	  For	  Pre-­‐Rounding	  Activities	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As	  the	  data	  from	  this	  time	  period	  shows,	  the	  majority	  of	  time	  spent	  during	  this	  period	  was	  in	  the	  indirect	  patient	  care	  category.	  For	  the	  residents	  observed	  during	  this	  time	  period,	  the	  largest	  proportion	  of	  time	  spent	  in	  the	  indirect	  patient	  care	  category	  was	  for	  patient	  care	  computer	  use.	  This	  held	  true	  for	  all	  of	  the	  different	  observations	  during	  this	  period.	  Also	  of	  note	  during	  this	  time	  period	  was	  that	  a	  significant	  amount	  of	  time	  was	  spent	  with	  patients	  either	  through	  physical	  exams	  or	  patient	  discussion.	  This	  time	  period	  also	  had	  considerably	  higher	  amounts	  of	  walking	  than	  the	  other	  time	  periods	  that	  were	  observed.	  
From	  the	  average	  time	  spent	  for	  each	  activity	  and	  the	  standard	  deviation	  data,	  it	  is	  clear	  that	  many	  of	  the	  activities	  that	  were	  observed	  had	  little	  standardization.	  While	  a	  certain	  level	  of	  variation	  between	  residents	  and	  medical	  teams	  is	  to	  be	  expected,	  this	  data	  suggests	  that	  the	  experiences	  of	  residents	  are	  significantly	  different	  between	  medical	  teams.	  
For	  residency	  program	  administrators,	  this	  data	  could	  be	  used	  in	  a	  variety	  of	  ways.	  As	  residents	  spend	  most	  of	  their	  time	  on	  computers	  during	  this	  time	  period,	  further	  studies	  could	  be	  conducted	  to	  see	  how	  this	  time	  is	  being	  spent.	  If	  residents	  are	  frequently	  waiting	  for	  programs	  to	  load	  or	  respond,	  this	  could	  be	  a	  considerable	  amount	  of	  waste	  in	  their	  day.	  By	  eliminating	  this	  waiting	  time,	  residents	  could	  see	  a	  benefit	  in	  both	  efficiency	  and	  morale,	  as	  this	  would	  likely	  be	  a	  source	  of	  frustration.	  Due	  to	  the	  higher	  amounts	  of	  walking	  during	  this	  time	  period,	  considerations	  may	  also	  be	  given	  to	  where	  resident	  workstations	  are	  located,	  so	  that	  they	  might	  be	  closer	  to	  patient	  locations.	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4.4	  How	  Residents	  Spend	  Their	  Time:	  Morning	  Rounds	  	   During	  the	  morning	  rounds	  time	  period,	  residents	  met	  with	  other	  members	  of	  their	  medical	  team	  and	  discussed	  every	  patient	  under	  their	  care.	  The	  makeup	  of	  teams	  varied	  widely	  across	  the	  medical	  teams,	  but	  an	  attending	  physician	  led	  each	  team.	  	  
Table	  4-­‐8:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #2	  
	  
	  
	  
	  
	  
Table	  4-­‐9:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #3	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Table	  4-­‐10:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #8	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Table	  4-­‐11:	  Average	  Time	  Spent	  Per	  Morning	  Round	  Activities	  
	  
	  
	  
	  
	  
	  
	  
	  	  
69	  
Table	  4-­‐12:	  Standard	  Deviation	  of	  Recorded	  Values	  For	  Morning	  Round	  Activities	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As	  the	  data	  from	  this	  time	  period	  shows,	  the	  time	  spent	  by	  the	  residents	  during	  this	  process	  primarily	  consisted	  of	  case	  discussions	  with	  the	  team	  and	  discussions	  with	  patients.	  For	  each	  patient	  on	  a	  resident’s	  service,	  the	  resident	  responsible	  for	  the	  patient	  presented	  information	  from	  the	  previous	  day	  about	  that	  patient’s	  care,	  and	  this	  was	  followed	  by	  a	  brief	  discussion	  amongst	  the	  team	  about	  relevant	  medical	  data.	  During	  this	  discussion	  attending	  physicians	  would	  give	  their	  input,	  ask	  questions	  regarding	  the	  patient,	  and	  sometimes	  pose	  questions	  to	  residents	  with	  the	  intent	  of	  testing	  their	  medical	  knowledge.	  After	  this	  discussion,	  the	  team	  would	  enter	  the	  patient’s	  room	  and	  converse	  with	  the	  patient.	  Once	  the	  team	  left	  the	  patient’s	  room,	  there	  would	  be	  another	  brief	  discussion,	  usually	  led	  by	  the	  attending	  physician,	  which	  focused	  on	  future	  plans	  for	  the	  patient.	  This	  process	  was	  found	  to	  be	  very	  linear,	  and	  could	  be	  an	  opportunity	  for	  process	  improvement	  activities.	  
	  
	   Figure	  4-­‐11:	  Typical	  Morning	  Round	  Process	  
As	  the	  makeup	  of	  the	  teams	  involved	  with	  morning	  rounds	  varied	  significantly	  between	  different	  medical	  teams,	  residency	  program	  administrators	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may	  find	  it	  useful	  to	  find	  the	  optimal	  size	  and	  consistency	  for	  each	  team.	  From	  Table	  4-­‐11,	  it	  is	  clear	  that	  the	  average	  time	  for	  case	  discussions	  differed	  significantly	  between	  medical	  teams.	  If	  a	  team	  were	  too	  large,	  one	  could	  question	  the	  educational	  value	  to	  each	  resident.	  The	  patients	  in	  a	  team’s	  service	  are	  typically	  divided	  amongst	  residents,	  so	  a	  resident	  may	  not	  find	  the	  presentations	  of	  other	  residents	  to	  be	  totally	  relevant	  to	  their	  education.	  	  
	   In	  order	  to	  find	  the	  optimum	  team	  size	  and	  consistency,	  mathematical	  simulations	  could	  be	  utilized.	  Simulations	  dealing	  with	  staff	  optimization	  have	  been	  successfully	  used	  in	  healthcare	  environments	  (Reynolds	  et	  al,	  2010),	  and	  the	  time	  data	  gathered	  through	  a	  study	  such	  as	  this	  would	  provide	  the	  necessary	  information	  needed	  to	  build	  a	  simulation	  model.	  Through	  the	  simulation,	  metrics	  such	  as	  how	  much	  time	  residents	  spend	  actively	  discussing	  their	  patients	  could	  be	  analyzed	  and	  used	  to	  determine	  the	  optimal	  size	  for	  medicine	  teams.	  
4.5	  How	  Residents	  Spend	  Their	  Time:	  Afternoons	  	  
	   The	  afternoon	  time	  period	  was	  defined	  as	  all	  time	  after	  morning	  rounds.	  For	  the	  trial	  observations,	  this	  time	  period	  was	  observed	  to	  have	  the	  most	  variation	  of	  activities	  between	  all	  of	  the	  residents	  observed.	  While	  some	  variations	  can	  be	  attributed	  to	  factors	  such	  as	  the	  number	  of	  patients	  of	  on	  a	  resident’s	  service,	  the	  data	  shows	  a	  distinct	  difference	  between	  the	  different	  residents	  observed	  during	  this	  time	  period.	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Table	  4-­‐13:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #1	  
	  
	  
	  
	  
	  
Table	  4-­‐14:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #6	  
	  
	  
	  
	  
	  
Table	  4-­‐15:	  Total	  Time	  Spent	  For	  Each	  Category	  During	  Observation	  #7a	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Table	  4-­‐16:	  Average	  Time	  Spent	  Per	  Afternoon	  Activities	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Table	  4-­‐17:	  Standard	  Deviation	  of	  Recorded	  Values	  For	  Morning	  Round	  Activities	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From	  Table	  4-­‐16	  and	  Table	  4-­‐17,	  it	  is	  evident	  that	  the	  activities	  performed	  in	  the	  afternoon	  vary	  significantly	  between	  residents.	  The	  average	  time	  spent	  performing	  each	  activity	  generally	  differed	  substantially	  for	  each	  resident,	  and	  there	  were	  some	  instances	  where	  residents	  did	  not	  even	  perform	  the	  same	  activities	  during	  the	  afternoon.	  
While	  each	  resident	  spent	  a	  considerable	  amount	  of	  time	  performing	  activities	  in	  the	  indirect	  patient	  care	  category,	  there	  were	  significant	  differences	  in	  the	  amount	  of	  time	  spent	  directly	  with	  patients.	  For	  one	  afternoon	  observation,	  the	  category	  with	  the	  most	  time	  spent	  was	  communication	  due	  to	  discussions	  with	  patients.	  The	  amount	  of	  time	  spent	  directly	  at	  a	  patient’s	  bedside	  would	  be	  a	  key	  metric	  to	  a	  variety	  of	  entities	  within	  a	  healthcare	  institution.	  For	  residency	  program	  coordinators,	  the	  time	  a	  resident	  spends	  with	  a	  patient	  could	  be	  considered	  much	  more	  educational	  than	  time	  spent	  reviewing	  patient	  information	  on	  a	  computer.	  In	  terms	  of	  the	  patient,	  they	  would	  likely	  see	  the	  care	  they	  receive	  as	  being	  of	  higher	  quality	  if	  more	  time	  were	  spent	  interacting	  with	  physicians.	  
Also	  of	  note	  from	  the	  afternoon	  observations	  were	  differences	  between	  times	  spent	  with	  attending	  physicians.	  The	  instances	  where	  this	  occurred	  were	  usually	  characterized	  by	  one	  on	  one	  conversation	  between	  residents	  and	  attending	  physicians,	  and	  such	  activities	  were	  likely	  of	  high	  educational	  value.	  Depending	  on	  the	  size	  of	  a	  resident’s	  medical	  team,	  residents	  may	  not	  have	  many	  opportunities	  to	  directly	  interact	  with	  their	  attending	  physician.	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4.6	  Comments	  on	  Study	  Findings	  
	  
	   Collectively,	  the	  trial	  observations	  show	  that	  residents	  spend	  most	  of	  their	  days	  doing	  activities	  associated	  with	  indirect	  patient	  care.	  While	  some	  aspects	  of	  these	  activities	  are	  necessary	  for	  a	  patient’s	  care,	  the	  educational	  value	  of	  them	  is	  questionable.	  By	  spending	  larger	  proportions	  of	  time	  away	  from	  patients,	  it	  could	  be	  reasonably	  surmised	  that	  the	  experience	  that	  residents	  gain	  during	  their	  residency	  programs	  could	  be	  similarly	  gained	  at	  places	  other	  than	  hospitals.	  The	  data	  gathered	  by	  studies	  such	  as	  this	  could	  be	  of	  tremendous	  value	  to	  hospital	  administrators	  when	  evaluating	  the	  system	  of	  healthcare	  provided	  by	  their	  institution.	  
4.7	  Trial	  Observations:	  Improvements	  in	  Study	  Methodology	  
	  
	   Once	  the	  trial	  observation	  data	  analysis	  was	  finalized,	  it	  was	  found	  that	  the	  collected	  data	  did	  not	  reflect	  any	  waste	  relative	  to	  the	  resident’s	  movement.	  Observer	  comments	  revealed	  that	  there	  were	  instances	  where	  residents	  had	  to	  travel	  to	  places	  explicitly	  due	  to	  lack	  of	  equipment	  in	  an	  area	  or	  because	  a	  computer	  could	  not	  adequately	  serve	  a	  resident’s	  needs.	  These	  are	  both	  examples	  of	  waste,	  and	  it	  was	  found	  that	  the	  time	  study	  data	  did	  not	  reflect	  these	  findings.	  To	  enhance	  the	  time	  measurement	  tool,	  a	  new	  category	  titled,	  “traveling,	  “	  was	  added	  to	  the	  time	  measurement	  tool.	  Traveling	  was	  defined	  as	  instances	  where	  residents	  walked	  to	  distinct	  direct	  or	  indirect	  patient	  care	  areas.	  With	  the	  introduction	  of	  this	  category,	  the	  walking	  category	  was	  reserved	  for	  instances	  where	  the	  resident	  walked	  to	  areas	  for	  reasons	  other	  than	  explicit	  patient	  care,	  such	  as	  to	  get	  equipment	  or	  to	  find	  a	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computer	  that	  worked	  properly.	  To	  better	  understand	  the	  data	  gathered	  in	  this	  category,	  observers	  were	  instructed	  to	  note	  the	  origin	  and	  destination	  of	  the	  resident	  any	  time	  this	  category	  was	  used.	  The	  following	  entries	  were	  added	  to	  the	  definitions	  list	  as	  a	  result	  of	  this	  category:	  
Traveling 
 Any instance where residents walk to distinct direct or indirect patient care 
areas. 
 Timing begins once the resident leaves one area and ends once they 
arrive at their destination. 	  
Walking 
 Any instance where resident must walk from one area to another area to 
begin a non-patient care related activity. 
 Note: observer must make a note of the origin and destination of the 
resident.  
 Timing begins once resident leaves location and ends once resident 
arrives at destination. 	  
With	  the	  addition	  of	  the	  traveling	  category,	  the	  time	  measurement	  sheet	  was	  finalized	  as	  follows:	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   Figure	  4-­‐12:	  Finalized	  Measurement	  Tool
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4.8	  Conclusions	  
	  
	   Based	  off	  these	  trial	  observations	  and	  the	  resulting	  analysis,	  it	  was	  determined	  that	  the	  time	  and	  motion	  study	  methodology	  could	  be	  used	  to	  describe	  the	  workday	  of	  a	  resident.	  The	  iterative	  process	  used	  to	  develop	  and	  refine	  the	  measurement	  tool	  ensured	  that	  special	  circumstances	  could	  be	  accounted	  for	  during	  observations,	  and	  the	  generalized	  category	  definitions	  coupled	  with	  the	  repeatability	  of	  the	  time	  measurement	  methodology	  could	  allow	  the	  study	  to	  be	  repeated	  in	  other	  areas	  of	  the	  same	  hospital	  or	  even	  at	  other	  healthcare	  institutions.	  The	  findings	  of	  the	  trial	  observations	  provided	  information	  that	  could	  be	  used	  for	  several	  different	  process	  improvement	  ideas	  in	  terms	  of	  equipment	  usage,	  resident	  education,	  and	  even	  facility	  layout.	  
	   Overall	  the	  process	  used	  to	  develop	  the	  time	  and	  motion	  study	  was	  very	  standardized	  and	  could	  be	  repeatable	  for	  other	  studies.	  The	  expansive	  data	  collected	  during	  studies	  such	  as	  these	  provide	  very	  detailed	  information	  on	  the	  current	  state	  of	  a	  process	  or	  functional	  area,	  and	  could	  be	  used	  as	  the	  basis	  for	  process	  improvement	  ideas.	  Because	  of	  these	  findings,	  it	  was	  determined	  that	  this	  method	  for	  observing	  and	  documenting	  processes	  in	  a	  lean	  healthcare	  environment	  was	  accurate.
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Appendix	  I:	  Trial	  Observation	  Raw	  Data	  
	  
Figure	  AI-­‐1:	  Observation	  1	  Raw	  Data	  
	  	  
81	  
	  
Figure	  AI-­‐2:	  Observation	  2	  Raw	  Data	  
	  	  
82
	  
Figure	  AI-­‐3:	  Observation	  3	  Raw	  Data	  
	  	  
83
	  
Figure	  AI-­‐4:	  Observation	  4	  Raw	  Data	  
	  	  
84  
	  
Figure	  AI-­‐5:	  Observation	  5	  Raw	  Data	  
	  	  
85
	  
Figure	  AI-­‐6:	  Observation	  6	  Raw	  Data	  
	  	  
86
	  
Figure	  AI-­‐7:	  Observation	  7a	  Raw	  Data	  
	  	  
87  
	  
Figure	  AI-­‐8:	  Observation	  7b	  Raw	  Data	  
	  	  
88
	  
Figure	  AI-­‐9:	  Observation	  8	  Raw	  Data	  
	  	  
89  
	  
Figure	  AI-­‐10:	  Observation	  9	  Raw	  Data
	  	   90	  
Appendix	  II:	  Sample	  Calculations	  
Average:	  
!"#$%&# = ! = !! + !! + !! +……+ !!! 	  
	  Example:	  Observation	  2	  Record	  Review	  
! = 14!"#$%&! + 13!"#$%&! + 12!"#$%&! + 16!"#$%&! + 4!"#$%&!5  !"#$!%!"  !"#$%&'()!*# 	  
! = 59!"#$%&!5 = 11.8!"#$%&! ≈ !"#$%&'(#	  
	  
Standard	  Deviation:	  
!"#$%#&%  !"#$%&$'( = ! = (!! − !)! + (!! − !)! + (!! − !)!…….+ (!! − !)!! 	  
Where	  
! = !! + !! + !! +……+ !!! 	  
Example:	  Observation	  2	  Record	  Review	  (all	  values	  in	  seconds)	  
! = (14− 12)! + (13− 12)! + (12− 12)! + (16− 12)! + (4− 12)!5 	  
	  	   91	  
! = (2)! + (1)! + (0)! + (4)! + (−8)!5 	  
! = 4+ 1+ 16+ 645 	  
! = 855 	  
! = 17 ≈ 5!"#$%&!	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